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Description 

FIELD OF THE INVENTION 

5 [0001 ] This invention relates to a DN A chip favorably employable for detecting a DNA fragment complementary to 
oligonucleotide or polynucleotide attached to the DNA chip and its preparation. 

BACKGROUND OF THE INVENTION 

w [0002] In the gene analysis in the fields of biochemistry and clinical test, the detection of a DNA fragment having a 
specific base sequence is performed by way of a hybridization method, particularly Southern hybridization method (i-a, 
Southern blotting method). Southern hybridization is performed by the steps of cleaving a DNA to be examined (i.e., 
sample DNA) by the use of a restriction enzyme to give its fragments; separating the DNA fragments having different 
molecular sizes by electrophoresis on agarose gel or polyacrylamide gel; subjecting the separated DNA fragment to 

15 treatment for giving a single stranded DNA fragment; fixing the single stranded DNA fragment onto a polyamide filter or 
a nitrocellulose filter; hybridizing the fixed single stranded DNA with a probe DNA (i.e., a single stranded DNA which is 
complementary to the fixed single stranded DNA and which is labelled with Rl (i.e.. radioactive isotope); washing the 
filter; and subjecting the filter to autoradiography for visualizing the hybridized DNA fragment on the filter. 
[0003] The conventional methods using radioisotope label such as Southern hybridization method have a disad- 

20 vantageous feature that they need radioisotopes which should be treated with extremely high care. Moreover, the auto- 
radiographic process requires a long period of time such as 24 hours or longer. In the case that only a small amount of 
sample DNA is available, the autoradiographic process requires a longer period of time and it does not give clear sep- 
arated bands. 

[0004] A Southern hybridization method in which a fluorescent label is used in place of the radioisotope label and 
25 the detection is performed by f luorometry is also known. Accordingly, a DNA chip comprising a substrate (i.e., solid car- 
rier) such as a slide glass or a silicone plate and a great number of oligonucleotides or polynucleotides fixed onto the 
substrate are now commercially available for the use in the fluorescence detection systems. 

[0005] At present, two methods are known for preparing a DNA chip having a solid carrier and oligonucleotide or 
polynucleotide fixed onto the carrier. One preparation method comprises preparing oligonucleotide or polynucleotide 
30 step by step on the carrier. This method is named "on-chip method". A typical on-chip method is described in Foder, 
S.P.A., Science, 251, page 767 (1991). 

[0006] Another preparation method comprises attaching a separately prepared oligonucleotide or polynucleotide 
onto a solid carrier. Various methods are known for various oligonucleotides and polynucleotides. 
[0007] In the case that the oligonucleotide or polynucleotide is cDNA fragment (i.e., complementary DNA fragment 
35 which is synthesized using mRNA as mold) or PCR product (which is a DNA fragment prepared by multiplying cDNA 
by PCR method), an aqueous solution of the prepared DNA fragment is spotted onto a solid carrier having a polycati- 
onic coat in a DNA chip-preparing device to attach the DNA fragment to the carrier via electrostatic bonding, and then 
blocking a free surface of the polycationic coat. 

[0008] In the case that the oligonucleotide is synthetically prepared and has a functional group, an aqueous solu- 
40 tion of the synthetic oligonucleotide is spotted onto an activated solid carrier to produce covalent bonding between the 
oligonucleotide and the carrier surface. See Lamture, J.B., et al., Nucl. Acids Res., 22, 2121-2125, 1994, and Guo, Z., 
et al., Nucl. Acids Res., 22, 5456-5465, 1994. Generally, the oligonucleotide is covalently bonded to the surface acti- 
vated carrier via a spacer or a cross-linker. Also known is a process comprising the steps of aligning small polyacryla- 
mide gels on a glass plate and fixing synthethized oligonucleotides onto the glass plate by making a covalent bond 
45 between the polyacrylamide and the oligonucleotide (Yershov, G., et al., Proc. Natl. Acad. Sci. USA. 94, 4913(1996)). 
SosnowsW, R.G.. et al.. Proc. Natl. Acad. Sci. USA, 94, 1 1 19-1 123 (1997) discloses a process comprising the steps of 
an array of microelectrodes on a silica chip, forming on the microelectrode a streptoavidin-comprising agarose layer, 
and attaching biotin-modified DNA fragment to the agarose layer by positively charging the agarose layer. Schena, M., 
et al., Proc. Natl. Acadl Sci. USA, 93, 10614-10619 (1996) teaches a process comprising the steps of preparing a sus- 
so pension of an amino group-modified PCR product in SSC (i.e., standard sodium chloride-citric acid buffer solution), 
spotting the suspension onto a slide glass, incubating the spotted glass slide, treating the incubated slide glass with 
sodium bo ro hydride, and heating thus treated slide glass. 

[0009] As is explained above, most of the known methods of fixing a separately prepared DNA fragment onto a 
solid carrier utilize an electrostatic bonding or a covalent bonding such as described above. 
55 [001 0] In any DNA chip having a separately prepared DNA fragment on its solid carrier, the DNA fragment should 
be firmly fixed onto the carrier, so as to perform smoothly the hybridization between the fixed DNA fragment and a sam- 
ple DNA fragment complementary to the fixed DNA fragment. 
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SUMMARY OF THE INVENTION 

[001 1 ] It is an object of the present invention to provide a DNA chip having oligonucleotide or polynucleotide which 
is firmly fixed onto a solid carrier. 

[0012] It is another object of the invention to provide a method for fixing oligonucleotide or polynucleotide onto a 
solid carrier utilizing a relatively simple means. 

[001 3] • It is a further object of the invention to provide a process for detecting a DNA fragment complementary to 
oligonucleotide or polynucleotide fixed onto a DNA chip. 

[001 4] The present invention resides in a DNA chip comprising a solid carrier and oligonucleotide or polynucleotide 
which is fixed to the carrier, preferably at its one end portion, in the presence of a hydrophilic polymer. 
[0015] The invention also resides in a method of fixing an oligonucleotide or polynucleotide to a solid carrier at its 
one end portion which comprises spotting an aqueous solution containing the oligonucleotide or polynucleotide and a 
hydrophilic polymer onto the carrier. 

[0016] The invention further resides in a process for detecting a DNA fragment complementary to oligonucleotide 
or polynucleotide fixed onto the DNA chip of the invention comprising the steps of spotting on the DNA chip of the inven- 
tion an aqueous solution containing the DNA fragment labelled with a fluorescent moiety, incubating the spotted chip 
for performing hybridization between the oligonucleotide or polynucleotide and the complementary DNA fragment in the 
aqueous solution, and detecting the hybridized complementary fragment by f luorometry. 

BRIEF DESCRIPTION QF DRAWINGS 

[0017] 

Fig. 1 schematically shows a process for detecting a DNA fragment complementary to oligonucleotide or polynu- 
cleotide fixed to a DNA chip of the present invention. 

Fig. 2 is an enlarged view of the DNA chip on which fluorescence indicator-labelled complementary DNA fragments 
are attached to the oligonucleotide by hybridization. 

DETAILED DESCRIPTION OF THE INVENTION 

[001 8] The fixation of oligonucleotide or polynucleotide on a solid carrier according to the invention is accomplished 
by means of a hydrophilic polymer. Detailed mechanism of the fixation by the hydrophilic polymer is not known yet It is 
assumed, however, that the hydrophilic polymer assists the known electrostatic bonding between a solid carrier and the 
terminal site of oligonucleotide or polynucleotide. Further, a high viscosity of a hydrophilic polymer may be effective for 
forming firm fixation of oligonucleotide or polynucleotide onto a solid carrier. 

[0019] Fig. 1 illustrates a flow chart indicating the preparation of a DNA chip and a process for detecting a DNA 
fragment complementary to oligonucleotide or polynucleotide fixed onto the DNA chip. This flow chart is shown in the 
known publication, Protein, Nucleotide. Enzyme, vol. 43, NO. 13. 1998. 

[0020] According to the database 1 1 concerning genome sequence, cDNA sequence, or EST (i.e., cDNA fragment 
of 200 to 300 bp (bp: base pair) from 3'-terminal), or from clones 12, oligonucleotide or polynucleotide 21 (e.g., cDNA, 
EST, or oligo DNA) is produced by PCR multiplication process or chemical synthesis. The oligonucleotide or polynucle- 
otide 21 is fixed onto a solid carrier 31a to give a DNA chip 31 having the fixed oligonucleotide or polynucleotide 31b. 
[0021] Separately, a DNA-containing sample 41 is subjected to extraction to separate mRNA or genome DNA 51 , 
from which cDNA or target DNA 52 is obtained. The cDNA or target DNA 52 is labelled with a fluorescence indicator 
53a to give a labelled target DNA fragment 53 (which may be a labelled RNA fragment). 

[0022] The labelled target DNA fragment 53 is then hybridized with the oligonucleotide or polynucleotide 31b of the 
DNA chip 31 , to give a hybridized DNA chip 61 . The hybridized DNA chip 61 is scanned by fluorometry in a known DNA 
scanning fluorometric apparatus, to give a map 71 indicating the positions where the hybridized DNA fragments are 
present The known DNA scanning fluorometric apparatus is composed of a fluorescence laser microscope, a chilled 
CCD camera, and a computer. 

[0023] Fig. 2 illustrates an enlarged view of the DNA chip 61 on which fluorescence indicator-labelled complemen- 
tary DNA fragments are combined to the oligonucleotide by hybridization. 

[0024] The DNA chip of the invention comprises a solid carrier and a great number of oligonucleotides or polynu- 
cleotides fixed on the solid carrier. 

[0025] The solid carrier generally is a sheet of hydrophobic or weak hydrophilic material. For instance, the solid car- 
rier may be a transparent glass sheet, a silicon sheet, or a polymer sheet which is prepared from a polymer such as 
polyethylene terephthalate, cellulose acetate, polycarbonate of bisphenol A, polystyrene, or pdy-(methyl methacrylate. 
A transparent glass sheet and a silicon sheet are preferably employed. More preferably, a transparent glass sheet hav- 
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ing a silica coverage is employed. The solid carrier preferably has a thickness of 100 to 2,000 pm. 
[0026] The solid carrier is preferably pre-treated with a surface-activating agent such as poly-L-lysin , polyethylene 
imine or polyalkylamine. The poly-L-lysine is most preferred. Otherwise, the glass sheet may be pre-treated with a 
silane coupling agent having an amino group, an aldehyde group, or an epoxy group. The pretreatment using a silane 

5 coupling agent and poly-L-lysine in combination is favorably utilized. The pre-treated solid carrier may be covered on its 
treated surface with a hydrophilic polymer (which preferably has a positive or negative charge) or a cross-linking agent. 
The solid carrier per se may have a positive or negative charge. The pre-treatment of the solid carrier is favorably 
employable for enhancing the fixation of oligonucleotide or polynucleotide onto the carrier surface. 
[0027] Alternatively, or in addition, the oligonucleotide or polynucleotide to be fixed to the solid carrier may be pre- 

w treated, such as for attaching to its terminal group a functional group such as an amino group, an aldehyde group, a 
thiol group, or a biotin compound. An amino group is preferably employed. These functional groups are effective to 
enhance electrostatic bonding between the solid carrier and the oligonucleotide or polynucleotide. 
[0028] The oligonucleotide or polynucleotide can be synthetically prepared, prepared by PCR multiplication 
method, or prepared by cleaving a single stranded DNA or RNA of natural origin by restriction enzyme. It is preferred 

15 that the oligonucleotide or polynucleotide to be fixed onto the solid carrier has a known base sequence. 

[0029] The oligonucleotide or polynucleotide is dissolved or dispersed in an aqueous solution of a hydrophilic pol- 
ymer. The aqueous solution containing the oligonucleotide or polynucleotide and a hydrophilic polymer is once placed 
generally on a plastic plate having 96 or 384 wells, and then spotted onto a solid carrier using a spotting means. 
[0030] The hydrophilic polymer may be cationic, anionic, or amphoteric. A nonioic polymer is also employable. Pre- 

20 ferred is a cationic polymer. 

[0031 ] The cationic polymer preferably is a quaternary amine group-containing polymer. Examples of the preferred 
cationic polymers include poly(1,4-diazoniabi-cyclo[2.2.2]octane-1,4-diylmethylene-1,4-phenylene-methylene chlo- 
ride), poly(vinylbenzyltrimethylammonium chloride), poly(methylenetrimethylammonium chloride acrylate), and 
poly(ethylenetrimethylammonium chloride acrylate). A tertiary amino-group containing polymer such as poly-N- 

25 vinylpyrrolidone, polyvinylimidazole, or polyvinylpyrrazole is also preferably employable. Most preferred is poly(1 ,4-dia- 
zoniabicyclo[2.2.2]octane-1 ,4-diylmethylene-1 ,4-phenylenemethylene chloride). 

[0032] Examples of the nonionic polymers include polyacrylamide, polyethylene glycol, polyvinyl alcohol, acetal 
derivative of polyvinyl alcohol, cellulose, cellulose derivatives (e.g., hydroxy ethylcellulose and hydroxy-propylcellulose), 
and saccharides (e.g., trehalose, sodium alginate, and starch). Preferred are polyacrylamide, polyethylene glycol and 

30 trehalose. Most preferred are polyacrylamide and polyethylene glycol. 

[0033] The anionic polymer preferably has such an anionic group as -COO*, -S0 3 ~, -OS0 3 ", -P0 3 \ or -P0 2 ". Pre- 
ferred anionic polymers are carboxymethylcellulose, cellulose sulfate, polyacrylic acid, polymethacrylic acid, polyvinyl- 
benzenesulfonic acid, or salts of these acid polymers. Most preferred are sodium polyacrylate, sodium 
polyvinylbenzenesulfbnate, and carboxymethylcellulose. 

35 [0034] Examples of the amphoteric polymers include proteins such as albumin, gelatin, gelatin derivatives, casein. 
Albumin is preferred. 

[0035] The effect of increase of bonding strength formed between the oligonucleotide or polynucleotide and the 
solid carrier in the presence of a hydrophilic polymer decreases from a cationic polymer (highest), a COO" group-con- 
taining anionic polymer, an amphoteric polymer, and a S0 3 ~ group-containing anionic polymer (lowest) in order. The 
40 hydrophilic polymer preferably has a molecular weight of 10 3 to 10 s . A hydrophilic polymer having an extremely high 
molecular weight may produce an extremely high viscosity to give adverse influence to the dissolution of oligonucleotide 
or polynucleotide in the polymer solution as well as the fixation of the oligonucleotide or polynucleotide onto the solid 
carrier. 

[0036] In the solution of oligonucleotide or polynucleotide, the hydrophilic polymer is preferably contained in an 

45 amount of 0. 1 to 2 vol.%, more preferably in an amount of 0.5 to 1 .0 vol.%. 

[0037] The aqueous solution is spotted onto the solid carrier under the condition that each drop of the solution gen- 
erally has a volume of 100 pL to 1 ^iL, preferably 1 to 100 nl_. The number of oligonucleotide or polynucleotide is pref- 
erably spotted onto the solid carrier in an amount of 10 2 to lO^cm 2 . In terms of mol., 1 to 10" 15 moles are spotted. In 
terms of weight, several ng or less of oligonucleotide or polynucleotide is spotted. The spotting of the aqueous solution 

so is made onto the solid carrier to form several dots having almost the same form and size. It is important to prepare these 
dots to have the same form and size, if the hybridization is quantitatively analyzed. Several dots are formed separately 
from each other with a distance of 1 .5 mm or less, preferably 100 to 300 *im. One dot preferably has a diameter of 50 
to 300 jim. 

[0038] After the aqueous solution containing oligonucleotide or polynucleotide and a hydrophilic polymer is spotted 
55 onto the solid carrier, the spotted solution is preferably incubated, namely, kept for a certain period at room temperature 
or under warming, so as to fix the spotted oligonucleotide or polynucleotide onto the carrier. In the course of incubation, 
UV irradiation or surface treatment using sodium borohydride or a Shift reagent may be applied. Th UV irradiation 
under heating is preferably adopted. It is assumed that these treatment is effective to produce additional linkage or 
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bridge between the solid carrier and the attached oligonucleotide or polynucleotide. The free (namely, unfixed) oligonu- 
cleotide or polynucleotide is washed out with an aqueous solution. The washed solid carrier is then dried to give a DNA 
chip of the invention. 

[0039] The DNA chip of the invention is favorably employable for monitoring of gene expression, sequencing of 
5 base arrangement of DNA, analysis of mutation, analysis of polymorphism, by way of hybridization. 

[0040] A target DNA fragment or a sample DNA fragment, which is subjected to the analysis concerning the pres- 
ence of a complementary DNA fragment can be obtained from various origins. In the analysis of gene, the target DNA 
fragment is prepared from a cell or tissue of eucaryote. In the analysis of genome, the target DNA fragment is obtained 
from tissues other than erythrocyte. In the analysis of mRNA, the target sample is obtained from tissues in which mRNA 
w is expressed. If the DNA chip has an oligonucleotide fixed in its solid carrier, the target DNA fragment preferably has a 
low molecular weight. The target DNA may be multiplied by PCR method. 

[0041] To the target DNA fragment is attached an Rl label or a non-RI label by a known method. The non-RI label 
is preferably utilized. Examples of the non-RI labels include fluorescence label, biotin label, and chemical luminescence 
label. The fluorescence label is most preferably employed. Examples of the fluorescence labels include cyanine dyes 

15 (e.g., Cy3 and Cy5 belonging to Cy Dye™ series), rhodamine 6G reagent. N-acetoxy-N 2 -acetyl-aminofluorene (AAF), 
and AAIF (iodide derivative of AAF). The target or sample DNA fragments labelled with different fluorescence indicators 
can be simultaneously analyzed, if the fluorescence indicators have fluorescence spectrum of different peaks. 
[0042] The hybridization is performed by spotting an aqueous sample solution containing a target DNA fragment 
onto a DNA chip of the invention. The spotting is generally done in an amount of 1 to 100 nl_ The hybridization is carried 

20 out by keeping the DNA chip having the spotted sample solution thereon at a temperature between room temperature 
and 70°C, for 6 to 20 hours. After the hybridization is complete, the DNA chip is washed with an aqueous buffer solution 
containing a surface active agent, to remove a free(unf ixed) sample DNA fragment The surface active agent preferably 
is sodium dodecylsulfonate (SDS). The buffer solution may be a citrate buffer solution, a phosphate buffer solution, a 
borate buffer solution, Tris buffer solution, or Goods buffer solution. The citrate buffer solution is preferably employed. 

25 [0043] The hybridization on the DNA chip is characteristic in that an extremely small amount of the sample or target 
DNA fragment is subjected to the analysis. In order to perform the desired hybridization appropriately, optimum condi- 
tions should be determined. 

[0044] The present invention is further described by the following examples. 
30 Example 1: Fixation of PCR product 
(1) Preparation of slide glass 

[0045] A slide glass (25 mm x 25 mm) is immersed for one hour in an aqueous ethanolic solution of 50 g of sodium 
35 hydroxide in a mixture of 150 mL of distilled water and 200 mL of ethanol. The slide glass is washed with a distilled 
water and then immersed in an aqueous solution of 10 vol. % of poly-L-lysine (available from Sigma Co.). Thus treated 
slide glass is centrifuged using a plate centrifuging apparatus, and then dried at room temperature. In the below-men- 
tioned examples, thus treated slide glass was employed. 

40 (2) Preparation of PCR product (oligonucleotide) 

[0046] A PCR product prepared from yeast was protected with an amino group at 5'-position and labelled with a flu- 
orescence indicator (FluoroLink Cy5-dCTP, available from Amasham Pharmacia Biotec Corp.). 

45 (3) Spotting of PCR product-containing solution 

[0047] An aqueous solution of the above-obtained PCR product in diluted buffer solution (3xSSC. that is, Standard 
sodium chloride-citrate buffer solution, 0.5 mg/mL) was prepared. To the aqueous PCR product solution was added car- 
boxymethylcellulose (CMC) to give a 1 vol.% CMC soultion. The solution containing PCR product and CMC was spotted 

so in an amount of 1 nL onto the glass slide using a spotter. The slide glass was immersed in an aqueous mixture of a 
standard solution (0.2xSSC) and 0.2 wt.% sodium dodecylsulfate (SDS) solution for 10 minutes under intermittent 
shaking. The slide glass was then immersed in ethanol and dried at roan temperature. Thus dried slide glass was 
scanned for detecting fluorescence strength. The detected fluorescence strength is set forth in Table 1. 
[0048] The above-mentioned procedure was repeated using a 0.5 vol.% CMC solution in place of the 1 vol.% CMC 

55 solution. The detected fluorescence strength is also set forth in Table 1 . 
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Comparison Example 1: Fixation of PCR product 

[0049] The procedures of Example 1 were repeated except that CMC was not added to the solution containing PCR 
product The detected fluorescence strength is set forth in Table 1 . 

5 

Comparison Example 2: Fixation of PGR product 

[0050] The procedures of Example 1 were repeated except that sodium hydrogen carbonate was added to the 
aqueous PCR product solution in place of CMC, to give a 0.35 M sodium hydrogen carbonate solution. The detected 
w fluorescence strength is set forth in Table 1 . 

Example 2: Fixation of PCR product 

[0051 ] The procedures of Example 1 were repeated except that the slide glass spotted with the solution containing 
is PCR product and CMC (1 vol.% or 0.5 vol.%) was heated in water at 80°C for one hour. The detected fluorescence 
strength in each run is set forth in Table 1 . 

Example 3: Fixation of PCP product 

20 [0052] The procedures of Example 1 were repeated except that the slide glass spotted with the solution containing 
PCR product and CMC (1 vol.% or 0.5 vol.%) was heated in water at 80°C for one hour and then washed with a solution 
of a mixture consisting 315 mL of 1 -methyl-2-pyrrolidone. 5 g of succinic anhydride, and 35 ml_ of aqueous 1M boric 
acid solution. The detected fluorescence strength in each run is set forth in Table 1 . 

25 Example 4: Fixation of PQR product 

[0053] The procedures of Example 1 were repeated except that the slide glass spotted with the solution containing 
PCR product and CMC (1 vol.% or 0.5 vol.%) was heated in water at 80°C for one hour and then irradiated with ultravi- 
olet(UV) rays at 120 mJ. The detected fluorescence strength in each run is set forth in Table 1 . 

30 

Example $: Fixation of PQR product 

[0054] The procedures of Example 1 were repeated except that the slide glass spotted with the solution containing 
PCR product and CMC (1 vol.% or 0.5 vol.%) was heated in water at 80°C for one hour, and thus heated slide glass 
35 was irradiated with ultraviolet(UV) rays at 120 mJ, and washed with a solution of a mixture of 31 5 mL of 1-methyl-2-pyr- 
rolidone, 5 g of succinic anhydride, and 35 mL of aqueous 1M boric acid solution. The detected fluorescence strength 
in each run is set forth in Table 1 . 

Example 6: Fixation of PCR product 

40 

[0055] The procedures of Example 5 were repeated except that the PCR product prepared from yeast was not pro- 
tected with an amino group. The detected fluorescence strength in each run is set forth in Table 1 . 



45 Table 1 



50 





Additive 


Fluorescence strength 


Example 1 


1 vol.% CMC 


265 




0.5 vol.% CMC 


159 


Com. Ex. 1 


None 


35 


Com. Ex. 2 


NaHC0 3 


26 


Example 2 


1 vol.% CMC 


1233 




0.5 vol.% CMC 


1254 


Example 3 


1 vol.% CMC 


766 




0.5 vol.% CMC 


650 
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Table 1 (continued) 





Additive 


Fluorescence strength 


Example 4 


1 vol.% CMC 


1853 




0.5 vol.% CMC 


1923 


Example 5 


1 vol.% CMC 


1549 




0.5 vol.% CMC 


1666 


Example 6 


1 vol.% CMC 


353 




0.5 vol.% CMC 


332 



[0056] The results set forth in Table 1 indicate that the incorporation of carboxymethylcellulose(CMC) into the solu- 
15 tion of DNA fragment (i.e., PCR product) is effective to firmly fix the DNA fragment onto the slide glass. Further, activa- 
tion of DNA fragment by attaching a functional group such as an amino group at its terminal position is effective to 
enhance the fixation of DNA fragment onto the slide glass. Furthermore, heat treatment or UV irradiation enhances the 
fixation of DNA fragment onto the slide glass. 

20 Example 7: Detection of complementary DNA fragment 
(1) Preparation of DNA chip 

[0057] A PCR product was prepared from a gene fragment of yeast (comprising approx. 2,000 base units) and 
25 attached with an amino group at its terminal position. The amino group-containing PCR product was dissolved in diluted 
buffer solution (3 x SSC, that is, Standard sodium chloride-citrate buffer solution, 0.5 mg/mL). To the aqueous PCR 
product solution was added a hydrophilic polymer (set forth in Table 2) to give a 1 vol.% solution. The solution containing 
PCR product and hydrophilic polymer was spotted in an amount of 1 nL onto the glass slide using a spotter. 
[0058] The slide glass spotted with the solution was heated in water at 80°C for one hour, and thus heated slide 
30 glass was irradiated with ultraviolet (UV) rays at 120 mJ, and washed with a solution of a mixture of 315 mL of 1 -methyl- 
2-pyrrolidone, 5 g of succinic anhydride, and 35 mL of aqueous 1 M boric acid solution. 

[0059] The slide glass was immersed in an aqueous sodium bromide solution for 10 min. under intermittent shak- 
ing. The slide glass was then immersed in ethanol and dried at room temperature, to give a DNA chip of the invention. 

35 (2) Preparation of labelled DNA fragment 

[0060] mRNA extracted from yeast was subjected to reverse transcription, and to the produced DNA fragment 
(cDNA fragment) was attached dCTP having Cy5 label. Thus, a labelled cDNA fragment was obtained. 

40 (3) Hybridization 

[0061 ] The above-obtained cDNA fragment (1 mM) was dispersed in 20 *iL of a hybridizing solution (mixture of 4 x 
SSC and 10 wt.% SDS solution). The cDNA fragment solution was spotted on the DNA chip, and the cDNA fragment 
solution spotted on the DNA chip was incubated in a moisture chamber at 60°C for 20 hours. The incubated chip was 
45 immersed in a mixture of an aqueous 0.1 wt.% SDS solution and a standard solution (2 x SSC). Thus treated chip was 
washed successively with a mixture of an aqueous 0.1 wt.% SDS solution and a standard solution (2 x SSC), a mixture 
of an aqueous 0.1 wt.% SDS solution and a standard solution (0.2 x SSC), and a standard solution (0.2 x SSC). The 
washed chip was centrifuged at 600 r.p.m. for 20 sec., and then dried at room temperature. 

[0062] The dried slide glass was scanned for detecting fluorescence strength. From the detected fluorescence 
so strength is reduced the background fluorescence strength which was observed when a sample solution containing no 
fluorescence labelled-DNA fragment was spotted and treated in the same manner. Thus processed fluurescence 
strength is set forth in Table 2 in terms of a relative value, in which the relative value is expressed in terms of value rel- 
ative to the fluorescence strength detected on the DNA chip which was treated in the same manner except for using no 
hydrophilic solution. 

55 
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Table 2 




5 


Hydrophilic polymer 


Fluorescence strength 


None 


1 




Poly(1 ,4-dlazonialbicyclo[2.2.2]octane-1 ,4-diylmethylene-1 ,4-pheny!enemethylene chlo- 
ride 


20 


10 


Polyacrylamide 


10 


Polyethylene glycol (M.W.: 4,000) 


10 




Polyethylene glycol. (M.W.: 20,000) 


2 




Polyacrylic acid 


6 


15 


Carboxymethylcellutose (CMC) 


5 




Albumin 


4 




Trehalose 


1.5 


20 


Polyvinylbenzenesulfonate 


1.5 



Claims 



1 . A DNA chip comprising a solid carrier and oligonucleotide or polynucleotide which is fixed to the carrier in the pres- 
25 ence of a hydrophilic polymer. 

2. A DNA chip of claim 1 , wherein the oligonuucleotide or polynucleotide is fixed to the carrier at its one end portion. 

3. The DNA chip of claim 1, wherein the solid carrier is coated with poly-L-lysine. 

30 

4. The DNA chip of claim 1 , wherein the oligonucleotide or polynucleotide has a NH 2 terminal and is fixed to the car- 
rier at its NH 2 terminal. 

5. The DNA chip of claim 3, wherein the oligonucleotide or polynucleotide has a NH 2 terminal and is fixed to the car- 
35 rier at its NH 2 terminal. 

6. The DNA chip of claim 1 , wherein the hydrophilic polymer is selected from the group consisting of poly(1 ,4<liazo- 
niabicyclo[2.2.2Joctane-1,4-diylmethylene-1,4-phenylenemethylene chloride), polyacrylamide, polyethylene glycol, 
poly(sodium acrylate), carboxymethylcellulose and albumin. 

40 

7. The DNA chip of claim 1 , wherein the oligonucleotide or polynucleotide is known in its base sequence. 

8. The DNA chip of claim 1, wherein the oligonucleotide or polynucleotide is a synthetically prepared product 

45 9. The DNA chip. of claim 1 , wherein the oligonucleotide or polynucleotide is a cleaved DNA fragment 

1 0. A method of f ixing an oligonucleotide or polynucleotide to a solid carrier which comprises spotting an aqueous solu- 
tion containing the oligonucleotide or polynucleotide and a hydrophilic polymer onto the carrier. 

so 11. The method of claim 10, wherein the oligonucleotide or polynucleotide is fixed to a solid carrier at its one end por- 
tion. 

12. The method of claim 10, which further comprises the steps of washing the spotted carrier and drying the washed 
carrier. 

55 

13. A process for detecting a DNA fragment complementary to oligonucleotide or polynucleotide fixed to a DNA chip 
comprising the steps of spotting an aqueous solution containing the DNA fragment labelled with a fluorescent moi- 
ety on the DNA chip which comprises a solid carrier and oligonucleotide or polynucleotide which is fixed to the car- 
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rier in the presence of a hydrophilic polymer, incubating the spotted chip for performing hybridization between the 
oligonucleotide or polynucleotide and the complementary DNA fragment in the aqueous solution, and detecting the 
hybridized complementary fragment by f luorometry. 
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